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Description

BACKGROUND OF THE INVENTION

[0001] Lipid oxidation is a process that occurs in food systems from the free radical chain reaction of unsaturated fatty
acids. The presence of the unsaturation in the fatty acid makes the fatty acid vulnerable to oxidation via such free radical
reactions. Such reactions are a chain reaction including the steps of initiation, propagation, and termination. The presence
of the oxidation in foods has a major impact on the shelf life of the food and can cause several off notes and even the
presence of toxic products.
[0002] The effects of oxidation have been well studied. It been found that antioxidants can be effective in controlling
lipid oxidation and/or slowing the rate of oxidation. Factors including temperature, pH, the presence of metals, the level
of unsaturation, and/or others can lead to an increased oxidation rate. Thus, avoiding such factors can help control
oxidation, but controlling such factors can be problematic. Thus, the use of antioxidants is another solution to control
the oxidation.
[0003] Trace metals are good initiators of oxidation in food systems. Chelators function as preventive antioxidants by
limiting the activity of catalytic metals present in the system, thus eliminating the initial oxidation step. Iron, copper and
zinc are most commonly encountered in many foods and always a cause of concern in catalyzing oxidation.
[0004] Ethylene diamine tetra acetic acid (EDTA) in its sodium salt form is the most commonly used chelator to protect
foods from autoxidation. Although this chelator is allowed by the US and WHO (World Health Organization), it cannot
be used in the European Union(EU) Based on the mineral absorption in food, there is a concern on the use of EDTA
although many of the emulsion type systems are still using about 75-100 ppm EDTA. It has found to be relatively more
effective than any radical quenching antioxidant such as tocopherol.
[0005] Sodium tripolyphosphate (STPP) is a phosphate polymer allowed as food additive by Food and Drug Admin-
istration (FDA) as Generally recognized as safe (GRAS). STPP is commonly found in meat products and in addition to
preventing the lipid oxidation, it is a potent water binder in emulsified systems.
[0006] Citric acid is most commonly used in foods as an acidulant in its salt form and acts as a potent metal chelator.
Citric acid and its salts are widely accepted as food additive by the EU, US and WHO, and are also considered as GRAS
by FDA.
[0007] Ascorbic acid (AA) is a strong oxygen scavenger. Transition metals have also been suggested to increase the
ability of AA to decrease dissolved oxygen. This suggests a rapid creation of anaerobic environment within the food
system. Thus, it is important to determine the effect of metals on both AA degradation and depletion of dissolved oxygen.
It is always a challenge to keep the functionality of the AA as a free radical scavenger without causing it to be a prooxidant
from AA degradation.
[0008] The other non-traditional metal chelators that have effect on lipid oxidation are phytic acid, phospholipids and
flavonoids.
[0009] US 2017/ 325481 A1 discloses a method of forming an encapsulated composition with enhanced solubility and
stability whereby a bicontinuous or Winsor Type III microemulsion is formed using an emulsifier, a solvent and a co-
emulsifier and an active composition is added to the microemulsion resulting in a micellar network of the active composition
within the microemulsion.
[0010] US 2007/ 085059 A1 discloses a bioactive complex composition having enhanced oxidative stability, emulsion
stability, and mineral rich transparent beverages.
[0011] EP 0 884 952 B1 discloses a process in which fat-based aqueous emulsion products having a fat content of
10-95 % by weight comprising oxidation-sensitive fats/ -oils and conventional additions, including optionally conventional
antioxidants and emulsifiers, are admixed with a combination of citrate and lecithin.
[0012] US 2008/ 085357 A1 discloses microemulsions from a polar antioxidant-rich fraction in edible oils for incorpo-
ration into different foods or pharmaceutical products.
[0013] CN 101 878 941 A discloses a micro-emulsion edible antioxidant product in the field of food ingredient production.
[0014] Although many synthetic and metal antioxidants exist, there is a desire to replace such synthetic and metal
antioxidants with natural antioxidants that have a "clean label." With the exception of the tocopherols, the natural anti-
oxidants are mostly water soluble, plant-based extracts. Such water soluble, plant-based extracts may be made oil
soluble by adding emulsifiers. However, such compositions are often limited by the amount of water soluble, plant-based
extracts that can be solubilized.
[0015] What is desired is system that has a high load of water soluble, plant-based extract, that is good efficacy, and
yet is still able to interface in an oil system.

SUMMARY OF THE INVENTION

[0016] In each of its various embodiments, the present invention fulfills this need and discloses microemulsions that
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include plant-based extracts that are water or oil soluble.
[0017] A microemulsion comprising a plant-based antioxidant, an organic acid, water, at least one surfactant, mixed
tocopherols and a non-polar solvent is disclosed. Specifically, the microemulsion of the invention is as defined in the
appended claims. The invention further com prises a method of preventing or slowing oxidation in a food/feed product
or food/feed ingredient includes incorporating the microemulsion of the invention with the food/feed product or food/feed
ingredient.
[0018] The invention is also directed towards a process of loading a microemulsion with an antioxidant and includes
mixing an antioxidant with an organic acid and water, thus producing an aqueous phase, mixing a non-polar solvent
with at least one surfactant, thus producing a non-polar phase, and mixing the aqueous phase with the non-polar phase,
thus producing the microemulsion. Specifically, said process is as defined in the appended claims.
[0019] The invention is also directed towards the use of the claimed microemulsions in preventing or slowing oxidation
in a food/ feed product or a food/ feed ingredient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 shows the oxidative stability index of oil containing an antioxidant containing microemulsion and other
compositions.
Figure 2 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 3 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions.
Figure 4 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 5 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 6 shows the oxidative stability index of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 7 shows the peroxide value of oil containing an antioxidant containing microemulsion and other compositions
over time.
Figure 8 shows the free fatty acid content of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 9 shows the color of oil containing an antioxidant containing microemulsion and other compositions over time.
Figure 10 shows the oxidative stability index of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 11 shows the peroxide value of oil containing an antioxidant containing microemulsion and other compositions
over time.
Figure 12 shows the para-anisidine values of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 13 shows the oxidative stability index of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 14 shows the oxidative stability index of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 15 shows the oxidative stability index of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 16 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 17 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 18 shows the free radical concentration of Fe in oil containing an antioxidant containing microemulsion and
other compositions.
Figure 19 shows the free radical concentration of Zn in oil containing an antioxidant containing microemulsion and
other compositions over time.
Figure 20 shows the free radical concentration of oil containing an antioxidant containing microemulsion and other
compositions over time.
Figure 21 shows the ability of the rosemary containing microemulsion of this Example to disperse in a brine solution
as compared to a commercially available rosemary/emulsifier blend.
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Figure 22 shows the free radical concentration of oil having a metal and containing an antioxidant containing mi-
croemulsion and other compositions over time.
Figure 23 shows the free radical concentration of oil having a metal and containing an antioxidant containing mi-
croemulsion and other compositions over time.
Figure 24 shows the free radical concentration of oil having a metal and containing an antioxidant containing mi-
croemulsion and other compositions over time.
Figure 25 shows the oxidative stability index of oil and containing an antioxidant containing microemulsion and other
compositions over time.
Figure 26 shows the oxidative stability index of oil and containing an antioxidant containing microemulsion and other
compositions over time.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention discloses a microemulsion comprising a plant-based antioxidant, an organic acid, water,
at least one surfactant, mixed tocopherols and a non-polar solvent. The plant-based antioxidant may be water soluble
or oil soluble. The plant-based antioxidant is selected from green tea extract, mint extract, rosemary, apple, acerola,
olive, curcumin, limonene, phenolic acids, phenolic diterpenes, flavonoids, volatile oils, and combinations of any thereof.
[0022] The at least one surfactant includes lecithin and may include co-surfactant selected from polysorbates, sorbitan
esters, polyglyceril esters, sucrose esters, alkyl polyglucosides, alkyl polyglycosides, polaxmers, pluronics, ethoxylated
fatty acids, ethoxylated monoglycerides, propylene glycol, polyethylene glycol esters, sodium dodecyl sulfate (SDS),
sodium lauryl sulfate (SLS), quillaja, rhamnolipids, sophorolipids, sucrose esters, polyglycerol esters, saponins, deriv-
atives of any thereof, and combinations of any thereof. The microemulsion of the invention comprises mono/ diglycerides
from medium chain triglycerides.
[0023] In the present technology, the organic acid may be ascorbic acid, citric acid, lactic acid, and combinations of
any thereof. The claimed microemulsion comprises ascorbic acid.
[0024] The non-polar solvent may be vegetable oil, medium chain triglycerides, and combinations thereof.
[0025] The microemulsion may also include a chelator. Suitable chelators may be ethylene diamine tetra acetic acid,
citric acid, ascorbic acid, phytic acid, phospholipids, flavonoids, and combinations of any thereof.
[0026] A method of preventing or slowing oxidation in a food/feed product or food/feed ingredient includes incorporating
the antioxidant containing microemulsion of the present invention with the food/feed product or the food/feed ingredient.
[0027] The food/feed product or the food/feed ingredient may be an oil or a fat. The antioxidant may be present in the
food/feed product or the food/feed ingredient at a concentration of between about 500 ppm and 4000 ppm or between
about 100 ppm and 4000 ppm.
[0028] A chelator may be mixed with the food/feed product, the food/feed ingredient, the microemulsion, or combina-
tions of any thereof.
[0029] Use of the antioxidant microemulsion of the present invention in preventing or slowing oxidation in a food/feed
product or a food/feed ingredient is also disclosed.
[0030] A process of loading a microemulsion with an antioxidant includes mixing an antioxidant with an organic acid
and water, thus producing an aqueous phase, mixing a non-polar solvent with at least one surfactant, thus producing a
non-polar phase, and mixing the aqueous phase with the non-polar phase, thus producing the microemulsion.
[0031] The antioxidant is selected from green tea extract, mint extract, rosemary, apple, acerola, olive, curcumin,
limonene, phenolic acids, phenolic diterpenes, flavonoids, volatile oils, and combinations of any thereof.
[0032] The antioxidant may be a water soluble, plant-based antioxidant or an oil soluble, plant-based antioxidant.
[0033] Generally, the organic acid may be ascorbic acid, citric acid, lactic acid, and combinations of any thereof. The
claimed microemulsion com prises ascorbic acid.
[0034] The at least one surfactant includes lecithin. The microemulsion of the invention further comprises mono/
diglycerides from medium chain triglycerides and also comprises mixed tocopherols.
[0035] The non-polar solvent may be a vegetable oil, medium chain triglycerides, and combinations thereof.
[0036] The efficacy of an antioxidant comes from the manner in which the antioxidant is delivered in the oil. At similar
concentrations of antioxidant, an emulsifier blended antioxidant behaves differently than a nanodispersion containing
the antioxidant. The differences can come from the significant change in particle size and surface area.
[0037] The presence of water in the formulation also has an effect on the stability and functionality of the antioxidant.
Water soluble plant-based antioxidants such as carnosic acid, carnasol, green tea extracts, hydroxyl tyrosol, and others
can lose their efficacy over time in the presence of moisture, air, and temperature, which can have a huge effect on
product shelf life.
[0038] The microemulsions of the present invention that include plant-based extracts add significant value to not only
production functionality, but also towards extending the shelf life of products that such microemulsions are incorporated.
Thus, microemulsions including the plant-based extracts provide a good advantage in products where the active ingre-
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dient (i.e., antioxidants, vitamins, minerals, probiotics, colors, flavors and other functional nutraceuticals) is encapsulated.
[0039] The claimed microemulsion comprises a plant-based antioxidant selected from the group consisting of green
tea extract, mint extract, rosemary, apple, acerola, olive, curcumin, limonene, phenolic acids (i.e., gallic, protocatechuic,
caffeic, rosamarinic), phenolic diterpenes (i.e., carnosol, carnosic acid, rosamanol, rosmadial), flavonoids (i.e., quercetin,
catechin, naringenin, kaepferol), volatile oils (i.e., eugenol, carvacrol, thymol, menthol), and combinations of any thereof.
[0040] A microemulsion is a system of water, oil, and a surfactant that spontaneously forms, and is an optically isotropic
and thermodynamically stable low viscosity solution. Depending on the makeup of the microemulsion, the microemulsion
may form a water-in-oil or an oil-in-water bicontinuous system. The surfactant may also include a co-surfactant such as
a small chain alcohol or ester. Such self-emulsifying antioxidant containing microemulsions may also be used to carry
bioactives in food applications.
[0041] The plant-based antioxidant containing microemulsions that are water soluble may also be formulated to be
soluble in oil and protect the oil from lipid oxidation.
[0042] The plant-based antioxidant containing microemulsions of the invention include mono/diglycerides from medium
chain triglycerides, lecithin, ascorbic acid, green tea extract, and mixed tocopherols. Such formulation when encapsulated
is very shelf stable over a year, with no change in efficacy of the antioxidant. The plant-based extract microemulsions
were evaluated with and without lecithin, and the functionality of the plant-based extract microemulsion was significantly
higher with the lecithin. The green tea extract may be supplemented or replaced with other water-soluble extracts such
as an active polyphenol including, but not limited to, rosemary or mint extract. Such plant-based extract microemulsions
are infinitely soluble in medium chain triglycerides which enables the concentration of the active ingredients to be altered
to a low dosage.
[0043] The plant-based antioxidant containing microemulsion allows at least one water soluble ingredient to easily be
solubilized in a core of water in a reverse microemulsion. More than water soluble ingredient may be incorporated into
the plant-based antioxidant containing microemulsions. Very high loading of the water-soluble ingredients may be
achieved with minimal water in the plant-based antioxidant containing microemulsions. Such plant-based antioxidant
containing microemulsions also enable the incorporation of actives that have an extreme pH and/or salt condition.
[0044] The plant-based antioxidant containing microemulsions may also act as a universal solvent that may have dual
solubility in water and oil systems, which helps limit the number of formulations required in different applications. The
plant-based antioxidant containing microemulsions may also hold water soluble and water insoluble ingredients at the
same time such as, for example, a water-soluble antioxidant and a water insoluble antimicrobial component.
[0045] A plant-based antioxidant containing microemulsion including sodium lactate can provide an antimicrobial effect
as well as helping with lowering the darkening of meat products caused by oxidation.
[0046] The plant-based antioxidant containing microemulsions may also be free of ethanol, propylene glycol, and/or
polysorbates.
[0047] It should be understood that this invention is not limited to the embodiments disclosed in this summary, or the
description that follows, but is as defined by the claims.
[0048] Other than in the examples described herein, or unless otherwise expressly specified, all of the numerical
ranges, amounts, values and percentages, such as those for amounts of materials, elemental contents, times and
temperatures of reaction, ratios of amounts, and others, in the following portion of the specification and attached claims
may be read as if prefaced by the word "about" even though the term "about" may not expressly appear with the value,
amount, or range. Accordingly, unless indicated to the contrary, the numerical parameters set forth in the following
specification and claims are approximations that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.
[0049] Notwithstanding that the numerical ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as precisely as possible. Any
numerical value, however, inherently contains error necessarily resulting from the standard deviation found in its under-
lying respective testing measurements. Furthermore, when numerical ranges are set forth herein, these ranges are
inclusive of the recited range end points (i.e., end points may be used). When percentages by weight are used herein,
the numerical values reported are relative to the total weight.
[0050] Also, it should be understood that any numerical range recited herein is intended to include all sub-ranges
subsumed therein. For example, a range of "1 to 10" is intended to include all sub-ranges between (and including) the
recited minimum value of 1 and the recited maximum value of 10, that is, having a minimum value equal to or greater
than 1 and a maximum value of equal to or less than 10. The terms "one," "a," or "an" as used herein are intended to
include "at least one" or "one or more," unless otherwise indicated.
[0051] Any patent, publication, or other disclosure material, in whole or in part, that is said to be incorporated by
reference herein in its entirety is incorporated herein only to the extent that the incorporated material does not conflict
with existing definitions, statements, or other disclosure material set forth in this disclosure. As such, and to the extent
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necessary, the disclosure as explicitly set forth herein supersedes any conflicting material said to be incorporated herein
by reference. Any material, or portion thereof, that is said to be incorporated by reference herein, but which conflicts
with existing definitions, statements, or other disclosure material set forth herein will only be incorporated to the extent
that no conflict arises between that incorporated material and the existing disclosure material.
[0052] Vitamins can also be included in the food product such as, but not limited to, niacin, iron, zinc, thiamine monon-
itrate (vitamin B1), riboflavin (vitamin B2), folic acid, tocopherol(s) (vitamin E), vitamin C, vitamin B6, vitamin B12, vitamin
A, vitamin D, pantothenic acid and copper.
[0053] The present invention may be further understood by reference to the following examples. The following examples
are merely illustrative of the invention and are not intended to be limiting. Unless otherwise indicated, all parts are by
weight.

EXAMPLES

Example 1.

[0054] A green tea extract microemulsion was produced. Green tea extract (available from Archer-Daniels-Midland
Company, Decatur, IL) is a free-flowing powder, standardized to 90% polyphenols and 50% EGCG (Epigallocatechin
Gallate). The product is very water soluble. 20-30% of the GTE along with 2-10% ascorbic acid or citric acid was dissolved
in water, producing the water phase of the microemulsion. An oil-emulsifier phase was prepared with 30-70% CAPMUL
471 available from Abitec Corp., a C8/C10 coconut mono/diglyceride. The oil phase can include mixed tocopherols
(DECANOX MTS 90, available from Archer-Daniels-Midland Company, Decatur, IL) and Soy lecithin (BEAKIN LV1,
available from Archer-Daniels-Midland Company, Decatur, IL). Different formulations (A-F) are shown in Table. 1.

[0055] The Oxidative Stability Index (OSI) was determined. For Samples B and E, the OSI at 110°C was 30.2 and
these 2 samples had 5-15% less GTE as compared to Sample A, suggesting that the effectiveness of the OSI comes
from the stability of the formulation.
[0056] Samples G-K were formulated with higher ascorbic acid concentrations to improve the efficacy of the GTE and
enhance oxidative stability.

[0057] The antioxidant formulations were compared for functionality at 3000 ppm dosage in canola oil by OSI time.

Table 1.

Sample Microemulsion Formulation (%)

GTE Ascorbic Acid Water Monoglyceride Soy Lecithin/MTS 90 MCT GTE @2000ppm dosage

A 14.2 2.3 7.0 63.7 12.8 0.0 284

B 13.5 2.1 6.7 60.5 12.1 5.0 270

C 12.8 2.1 6.3 57.4 11.5 10.0 256

D 12.1 2.0 6.0 54.2 10.8 15.0 242

E 11.4 1.8 5.6 51.0 10.2 20.0 228

F 10.7 1.7 5.3 47.8 9.6 25.0 214

Table 2.

Microemulsion Formulation (%)

Sampl e GT E Ascorbic Acid Water Monos Soy Lecithin MTS 90

G 14.2 2.3 7.0 63.7 10.2 2.6

H* 16.1 2.3 8.0 73.6 0.0 0.0

I* 16.1 4.6 10.3 69.0 0.0 0.0

J 16.1 4.6 10.3 56.8 10.2 2.6

K 16.1 4.6 10.3 56.8 6.4 6.4

* not in accordance with the invention as claimed
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The results are shown in Figure 1.
[0058] EPR measurements were done for the GTE microemulsions to evaluate the oxidative stability of canola oil at
80C for 3 hours. The results are shown in Figure 2.
[0059] EPR measurements were carried out using a Bruker Bio-Spin Corp. (available from Billerica, MA, USA) bench
top Micro-ESR spectrometer. The analysis was done in 2 stages. As a first step, a calibration curve was done with
TEMPO (2, 2, 6, 6-tetramethyl piperidine-1-oxyl) a stable free radical. TEMPO was dissolved in canola oil by stirring at
room temperature and was used as an external standard. TEMPO concentrations ranging from 2.5-20 mM in oil were
prepared from a stock solution of TEMPO solution. These solutions were placed in the ESR tubes and the intensity was
measured. The EPR intensity and the corresponding TEMPO concentrations were used to obtain a calibration curve.
Knowing the intensity of the oil radical +PBN adduct, the free radical concentration was derived using the ELBA Software
from Bruker’s MicroESR.
[0060] To evaluate the effect of different antioxidants in canola oil, the following EPR method was followed with the
use of a spin trap. Canola oil sample was dosed with four different antioxidants at 3000 ppm. 40 mL of a spin trap agent
PBN (N-t-Butyl-α-phenylnitrone) was added to 1 ml of the canola oils dosed with antioxidants, including a control sample
with no antioxidant added. Each of the lipid samples were filled in ESR tubes and placed in heating block at 80°C. Every
15 minutes, each of the ESR tubes were placed in the MicroESR spectrometer and the intensity was measured. The
analysis was continued for a period of 3 hours and EPR intensity/Free radical concentration (mM) vs time was plotted
to obtain the lag time of the canola oil both with and without the antioxidants. The comparison of the amount of free
radical concentration at T 175 (175 minutes) provides the efficacy of the antioxidant in the study.
[0061] Figure 3 shows the effect of the synergy of ingredients from the EPR study that measured the free radical
concentration of the canola oil at 80°C. In the absence of lecithin and mixed tocopherols (Sample I), a small increase
in the ascorbic acid vs Sample H did help reduce the free radical concentrations in the oil. However, both the EPR and
the OSI study do show a synergy obtained with lecithin, tocopherols, green tea, and ascorbic acid.

Example 2.

[0062] Two of the commercial leading industry standards of antioxidants were compared to the antioxidant containing
microemulsions disclosed herein. The industry standards that were evaluated were rosemary and the rosemary/green
tea extract antioxidant. Figures 4 and 5 show the comparison of the EPR and OSI data showing the functionality of the
industry standard antioxidants compared to the antioxidant containing microemulsion disclosed herein.

Example 3.

[0063] In this Example, the antioxidant containing microemulsion disclosed herein was compared to commercially
available antioxidants to assess the oxidative stability of soybean oil, canola oil, and NuSun oil. The oil storage evaluations
were conducted in an oven according to the Schaal Oven test. The oils were stored in halfway closed, amber Qorpak
glass jars at 565°C in an air forced oven. The fixed intervals, oil samples were withdrawn from the glass jars and a
peroxide value (PV) was determined according to the AOCS official method Cd 8-53. After being withdrawn, the samples
were nitrogen blanketed and frozen until ready for analysis. The peroxide value, fatty acid, para anisidine value, and
OSI were analyzed.
[0064] The OSI values obtained with canola oil are shown in Figure 6. The peroxide values of canola oil are shown
in Figure 7. The free fatty acid values are shown in Figure 8.
[0065] Green tea extracts exhibit strong red color in oils depending on the concentration. A higher loading capacity of
the antioxidant containing microemulsions allows for very small sample inclusions in the oil to protect the oil. This enables
a good protection of the oils from a low dosage, yet without having any added color to the oils. Data regarding such color
is shown in Figure 9.
[0066] The OSI values obtained with soybean, canola, and Nusun oil are shown in Figure 10. The peroxide values
from the Schaal oven study of soybean, canola, and Nusun oils are shown in Figure 11. The para-anisidine values form
the Schaal oven evaluation of soybean, canola, and Nusun oils are shown in Figure 12.
[0067] Overall, good stability was obtained for the antioxidant containing microemulsions with the three oils evaluated.
As compared to the commercially available antioxidants, the green tea containing microemulsions described herein
performed equal to or better, although the green tea containing microemulsions were based on a water-soluble green
tea extract.

Example 4.

[0068] The ability of the antioxidant containing microemulsions described herein was also evaluated in comparison to
commercially available rosemary products and rosemary/lipid soluble green tea blend in palm and coconut oil. Figure
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13 shows the oxidative stability in coconut oil and Figure 14 shows the oxidative stability in palm oil and a palm/soy blend.
[0069] In the palm oil, the green tea containing microemulsions performed significantly better than the commercially
available products. In the presence of TBHQ (a synthetic antioxidant) at 190 ppm, the palm oil OSI was 63.8. In the
presence of TBHQ at 180 ppm, the palm/soybean oil blend OSI was 39. These results of the green tea containing
microemulsions of Figure 14 are very similar to the synthetic TBHQ.

Example 5.

[0070] The green tea containing microemulsion (Sample A of Example 1) was blended with rosemary in a carrier oil
as shown in Figure 15. Figure 15 shows that incorporating small amounts of rosemary in the green tea containing
microemulsion does not show a synergistic result, but the overall increase in the OSI shows they the blends work well.

Example 6.

[0071] Clear solutions of green tea containing microemulsions were prepared with minimal heating in the formulations
of Table 3. These solutions were used as stock solutions to prepare the antioxidant formulations including ascorbic acid,
lecithin, and mixed tocopherols.

[0072] The effective concentrations of the green tea containing microemulsions was as high as 10-40%. Solubilizing
such high concentrations of water-soluble ingredients in a formulation can be challenging, especially if the formulation
is required to remain soluble in oil. The ascorbic acid, lecithin, and mixed tocopherols were included in the stock solutions
as shown in Table 4.

[0073] Such highly concentrated microemulsoins offer an advantage of lower the doseage level of a functional anti-
oxidant in oil. Not only can the active ingredient (e.g., the antioxidant) be minimized, but the functionally inactive ingredients
in the oil such as the emulsifiers can also be minimized.
[0074] The OSI data in canola oil for the sample with a GTE concentration of 25% was 37 hours at 110°C. The effective
concentration of the GTE in a 2000 ppm dosage of the microemulsion is equivalent to approximately 500 ppm of effective
GTE. Under similar formulation conditions and concentrations of other ingredients as compared to sample A correspond-
ing to a 284 ppm GTE concentration, the OSI was 27 hours at 2000 ppm dosage in canola oil. A 10 hour increase with
higher loading allows a lower dosage level of antioxidant in the oil. This provides couple of benefits on not just the
economics of producing the formulations since plant-based extracts can be very expensive. A further benefit is a lower
color contribution based on the nature of adding color to oil with the water-soluble green tea. Example 7.
[0075] Rosemary in oil was used to make microemulsions. Table 5 shows the rosemary containing microemulsions.

Table 3.

GTE stock solution

No. GTE, g Water, g Monos,g Total, g % GTE

Sample A 7 3 2 12 58.33

Sample B 7 3 1 11 63.64

Sample C 8 2 2 12 66.67

Table 4.

% GTE Stock GTE Solution Ascorbic Acid Monos Lecithin MTS 90 % GTE 2000ppm 1000ppm

58.33 39.0 2.4 48.8 4.9 4.9 22.8 455 228

63.64 39.0 2.4 48.8 4.9 4.9 24.8 497 248

66.67 39.0 2.4 48.8 4.9 4.9 26.0 520 260

58.33 58.5 2.4 29.3 4.9 4.9 34.1 683 341

63.64 58.5 2.4 29.3 4.9 4.9 37.3 745 373

66.67 58.5 2.4 29.3 4.9 4.9 39.0 781 390
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[0076] The microemulsions of Table 5 were placed in canola oil and free radical concentrations were measured at
various time intervals. The results are show in Figure 16.
[0077] Rosemary in oil was used to make microemulsions of Table 6.

[0078] The microemulsions of Table 6 were placed in canola oil and free radical concentrations in relation to the OSI
at 110C was determined as shown Figure 17. Example 8.
[0079] Minerals are very good prooxidants and can act as catalyst in the oxidation process. Typically, metal chelating
organic acids such as ascorbic and citric acid are used in combination with other antioxidants in order to mitigate the
negative effect. An evaluation on the EPR was done with canola oil dosed with 25 mm iron and zinc chloride prepared
as a micellar solution. Antioxidants were dosed at 3000 ppm in canola oil with Fe or Zn, and PBN was used as spin trap.
Free radical concentration was measured as a function of time at 80°C for a period of 3 hours to accelerate the oxidation
process. Figures 18 and 19 show the effect of the antioxidants including the green tea containing microemulsion described
herein. The green tea containing microemulsion is effective in controlling the effects of Fe and Zn to a greater extent
than a commercially available rosemary product.

Example 9. (not in accordance with the invention as claimed)

[0080] Microemulsions including rosemary in oil and mint extract were prepared having the formulations as shown in
Table 7.

[0081] Free radical concentration at various times intervals at 80°C was determined and is shown in Figure 20.

Example 10. (not in accordance with the invention as claimed)

[0082] Antioxidant formulations are usually designed for both water soluble and oil soluble systems. In order to ac-
complish this, multiple formulations are developed and delivered to the market based on specific applications. However,

Table 5.

Sample No. Amount of Rosemary in Oil Ascorbic Acid Monoglyceride Lecithin MTS 90 Water

1* 40 0 35 20 0 5

2* 40 2.5 35 20 0 2.5

3 40 2.5 35 16 4 2.5

4* 40 4 32 15 0 4

5* 45.5 4.5 34 11.5 0 4.5

* not in accordance with the invention as claimed

Table 6.

Sample No. Amount of Rosemary in Oil Ascorbic Acid Monoglyceride Canola Oil Lecithin Water

7* 42 4.2 33.7 0 15.8 4.2

8* 42 4.2 34 12.4 3.2 4.2

9* 70 4.2 17.6 0 4 4.2

* not in accordance with the invention as claimed

Table 7.

Sample No. Rosemary in oil Canola lecithin Monoglyceride Ascorbic acid (50%) solution Mint extract

6 42.1 15.8 33.7 8.4 0

7 36.8 15.8 33.7 8.4 5.3

8 31.6 15.8 33.7 8.4 10.5
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ideally a universal formulation that will work for both water and oil-based system can offer wide benefits not just based
on the multiple inventories that is typically required, but also on understanding the robustness of the antioxidant func-
tionality.
[0083] The water-based application systems have multiple components such as change in pH, ionic strength, and
additives that can impact the oxidative stability of the lipid component, proteins etc. Antioxidant formulations designed
for water soluble systems usually contain a carrier system for antioxidant active component like propylene glycol, medium
chain triglycerides, vegetable oils etc. One of the most common issues encountered with such systems is the stability
in the dispersion. When oil-based surfactant systems are dispersed in extreme pH and high salt (brine) conditions, the
dispersion can easily phase separate and lead to poor protection of the lipids. Also, based on the HLB of food emulsifiers,
there is a limited number of emulsifiers that can fit the food and feed category. In order to improve the formulation stability,
nanoemulsified systems are needed that can tolerate high salt and extreme pH conditions, yet still form stable dispersions.
Microemulsions provide such formulation stability in the presence of electrolytes that vary the surface characteristics of
the emulsifier and provide good stability in water-based systems. The figure below shows the comparison of microe-
mulsion vs neat emulsifier system with rosemary.
[0084] A rosemary containing microemulsion having 20-40% of the rosemary in oil was mixed with 70% of an emulsifier
base having the following formulation: 20-70% of YELKIN SS brand lecithin (available from Archer-Daniels-Midland
Company, Decatur, IL); 5-30% of polysorbate 80; 2-10% ascorbic acid; and 10-30% sodium lactate.
[0085] The oxidative stability of the rosemary containing microemulsion of this Example at 3000 ppm at 110°C in
canola oil was 19.8 hours as compared to a commercially available rosemary/emulsifier blend which was 15.6 hours.
The sodium lactate improves the antimicrobial function and improves the effect of darkening on a meat product. Figure
21 shows the ability of the rosemary containing microemulsion of this Example (labeled Example 9) to disperse in a
brine solution as compared to a commercially available rosemary/emulsifier blend.

Example 11.

[0086] To demonstrate the effect of different antioxidants including ascorbic acid, EPR studies were carried out in
presence of the trace metals iron and zinc. Canola oil was dosed with 100 mm Fe and 100 mm Zn for the EPR study.
The oil samples were dosed with 40 mL PBN and samples were run to measure the intensity/free radical concentration
at 70°C. Figures 22 and 23 show the effect of iron and zinc in canola oil. The Green tea extract containing microemulsion
of the present invention was more effective for iron and zinc as compared to the commercially available rosemary blend.

Example 12.

[0087] In order to demonstrate the partitioning of metals in an antioxidant system, an antioxidant containing microe-
mulsion (AOX Blend 2), such as the antioxidant containing microemulsion of the present invention, was prepared and
compared to a traditional emulsifier blend (AOX Blend 1). EPR and OSI methods were used in canola oil dosed with 6
ppm iron to the oil. The antioxidants were chosen to have the same amount of actives as shown in Table 8. No additional
chelators were present. In the microemulsion composition, glycerol was the polar solvent in order to limit the effect of
additional moisture.

[0088] The free radical concentrations were measured as a function of time for canola oil at 2000 ppm antioxidant
dosage with and without additional iron. The results are shown in Figure 24.
[0089] Figures 25 and 26 show the comparison of antioxidant blend 1 (AOX 1) and antioxidant blend 2 (AOX 2) in the
presence and absence of iron and the effects on free radical concentration at 175 minutes (T175 FR) and OSI at 110°C.
The results of the in the Figures show that the microemulsion was effective in providing the chelating effect of iron and
protecting the oil from oxidation.

Claims

1. A microemulsion comprising:

Table 8.

Samples Carnosol Carnosic Acid

AOX Blend 1 (emulsifier blend) 0.21% 1.89%

AOX Blend 2 (microemulsion) 0.25% 1.84%
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(i) a plant-based antioxidant, wherein the plant-based antioxidant is selected from the group consisting of green
tea extract, mint extract, rosemary, apple, acerola, olive, curcumin, phenolic acids, phenolic diterpenes, flavo-
noids, volatile oils, limonene, and combinations of any thereof;
(ii) water;
(iii) at least one surfactant, wherein said at least one surfactant includes lecithin;
(iv) mono/diglycerides from medium chain triglycerides;
(v) ascorbic acid;
(vi) mixed tocopherols; and
(vii) a non-polar solvent.

2. The microemulsion of claim 1, wherein the at least one surfactant is lecithin.

3. The microemulsion of any one of claims 1 or 2, further comprising a co-surfactant selected from the group consisting
of polysorbates, sorbitan esters, polyglyceril esters, sucrose esters, alkyl polyglucosides, alkyl polyglycosides, po-
laxmers, pluronics, ethoxylated fatty acids, ethoxylated monoglycerides, propylene glycol, polyethylene glycol esters,
sodium dodecyl sulfate (SDS), sodium lauryl sulfate (SLS), quillaja, rhamnolipids, sophorolipids, sucrose esters,
polyglycerol esters, saponins, derivatives of any thereof, and combinations of any thereof.

4. The microemulsion of any one of claims 1-3, further comprising an organic acid selected from the group consisting
of citric acid, lactic acid, and combinations of any thereof.

5. The microemulsion of any one of claims 1-4, wherein the non-polar solvent is selected from the group consisting of
a vegetable oil, medium chain triglycerides, and combinations thereof.

6. The microemulsion of any one of claims 1-5, further comprising a chelator selected from the group consisting of
ethylene diamine tetra acetic acid, citric acid, phytic acid, phospholipids, flavonoids, and combinations of any thereof.

7. A method of preventing or slowing oxidation in a food/feed product or food/feed ingredient, the method comprising
incorporating the microemulsion of any one of claims 1-6 with the food/feed product or the food/feed ingredient,
preferably wherein the food/feed product or the food/feed ingredient comprises an oil or a fat.

8. The method of claim 7, wherein the antioxidant is present in the food/feed product or the food/feed ingredient at a
concentration of between about 100 ppm and 4000 ppm.

9. The method of any one of claims 7-8, further comprising mixing a chelator with the food/feed product, the food/feed
ingredient, the microemulsion, or combinations of any thereof.

10. Use of the microemulsion of any one of claims 1-6 in preventing or slowing oxidation in a food/feed product or a
food/feed ingredient.

11. A process of loading a microemulsion with an antioxidant, the process comprising:

mixing an antioxidant with an organic acid and water, thus producing an aqueous phase, wherein said organic
acid is ascorbic acid;
mixing a non-polar solvent with at least one surfactant, thus producing a non-polar phase; and
mixing the aqueous phase with the non-polar phase, thus producing the microemulsion;
wherein
the antioxidant is selected from the group consisting of green tea extract, mint extract, rosemary, apple, acerola,
olive, curcumin, limonene, phenolic acids, phenolic diterpenes, flavonoids, volatile oils, and combinations of
any thereof,
said at least one surfactant includes lecithin and mono/diglycerides from medium chain triglycerides, and
the microemulsion further comprises mixed tocopherols.

12. The method according to claim 11, wherein the non-polar solvent is selected from the group consisting of a vegetable
oil, medium chain triglycerides, and combinations thereof.
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Patentansprüche

1. Mikroemulsion, umfassend:

(i) ein pflanzliches Antioxidans, wobei das pflanzliche Antioxidans aus der Gruppe ausgewählt ist, die aus
Grünteeextrakt, Minzextrakt, Rosmarin, Apfel, Acerola, Olive, Curcumin, Phenolsäuren, phenolischen Diterpe-
nen, Flavonoiden, ätherischen Ölen, Limonen und beliebigen Kombinationen davon besteht;
(ii) Wasser;
(iii) wenigstens ein Tensid, wobei das wenigstens eine Tensid Lecithin umfasst;
(iv) Mono-/Diglyceride aus mittelkettigen Triglyceriden;
(v) Ascorbinsäure;
(vi) gemischte Tocopherole; und
(vii) ein unpolares Lösungsmittel.

2. Mikroemulsion gemäß Anspruch 1, wobei es sich bei dem wenigstens einen Tensid um Lecithin handelt.

3. Mikroemulsion gemäß einem der Ansprüche 1 oder 2, weiterhin umfassend ein Cotensid, das aus der Gruppe
ausgewählt ist, die aus Polysorbaten, Sorbitanestern, Polyglycerylestern, Saccharoseestern, Alkylpolyglucosiden,
Alkylpolyglycosiden, Poloxameren, Pluronics, ethoxylierten Fettsäuren, ethoxylierten Monoglyceriden, Propylengly-
col, Polyethylenglycolestern, Natriumdodecylsulfat (SDS), Natriumlaurylsulfat (SLS), Quillaja, Rhamnolipiden, So-
phorolipiden, Saccharoseestern, Polyglycerinestern, Saponinen, beliebigen Derivaten davon und beliebigen Kom-
binationen davon besteht.

4. Mikroemulsion gemäß einem der Ansprüche 1-3, weiterhin umfassend eine organische Säure, die aus der Gruppe
ausgewählt ist, welche aus Zitronensäure, Milchsäure und beliebigen Kombinationen davon besteht.

5. Mikroemulsion gemäß einem der Ansprüche 1-4, wobei das unpolare Lösungsmittel aus der Gruppe ausgewählt
ist, die aus einem Pflanzenöl, mittelkettigen Triglyceriden und Kombinationen davon besteht.

6. Mikroemulsion gemäß einem der Ansprüche 1-5, weiterhin umfassend einen Chelatbildner, der aus der Gruppe
ausgewählt ist, die aus Ethylendiamintetraessigsäure, Zitronensäure, Phytinsäure, Phospholipiden, Flavonoiden
und beliebigen Kombinationen davon besteht.

7. Verfahren zur Prävention oder Verlangsamung der Oxidation in einem Lebens-/Futtermittel oder Lebensmittel-/Fut-
terbestandteil, wobei das Verfahren das Verbinden der Mikroemulsion gemäß einem der Ansprüche 1-6 mit dem
Lebens-/Futtermittel oder Lebensmittel-/Futterbestandteil umfasst, wobei vorzugsweise das Lebens-/Futtermittel
oder der Lebensmittel-/Futterbestandteil ein Öl oder Fett umfasst.

8. Verfahren gemäß Anspruch 7, wobei das Antioxidans in dem Lebens-/- Futtermittel oder Lebensmittel-/Futterbe-
standteil in einer Konzentration von etwa 100 ppm bis etwa 4000 ppm vorhanden ist.

9. Verfahren gemäß einem der Ansprüche 7-8, weiterhin umfassend das Mischen eines Chelatbildners mit dem Le-
bens-/Futtermittel, dem Lebensmittel-/Futterbestandteil, der Mikroemulsion oder beliebigen Kombinationen davon.

10. Verwendung der Mikroemulsion gemäß einem der Ansprüche 1-6 bei der Prävention oder Verlangsamung der
Oxidation in einem Lebens-/Futtermittel oder Lebensmittel-/Futterbestandteil.

11. Verfahren zum Versetzen einer Mikroemulsion mit einem Antioxidans, wobei das Verfahren umfasst:

Mischen eines Antioxidans mit einer organischen Säure und Wasser unter Bildung einer wässrigen Phase,
wobei es sich bei der organischen Säure um Ascorbinsäure handelt;
Mischen eines unpolaren Lösungsmittels mit wenigstens einem Tensid unter Bildung einer unpolaren Phase; und
Mischen der wässrigen Phase mit der unpolaren Phase unter Bildung der Mikroemulsion;
wobei
das Antioxidans aus der Gruppe ausgewählt ist, die aus Grünteeextrakt, Minzextrakt, Rosmarin, Apfel, Acerola,
Olive, Curcumin, Limonen, Phenolsäuren, phenolischen Diterpenen, Flavonoiden, ätherischen Ölen und belie-
bigen Kombinationen davon besteht,
das wenigstens eine Tensid Lecithin und Mono-/Diglyceride aus mittelkettigen Triglyceriden umfasst und
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die Mikroemulsion weiterhin gemischte Tocopherole umfasst.

12. Verfahren gemäß Anspruch 11, wobei das unpolare Lösungsmittel aus der Gruppe ausgewählt ist, die aus einem
Pflanzenöl, mittelkettigen Triglyceriden und Kombinationen davon besteht.

Revendications

1. Microémulsion comprenant :

(i) un antioxydant d’origine végétale, lequel antioxydant d’origine végétale est choisi dans le groupe constitué
par l’extrait de thé vert, l’extrait de menthe, le romarin, la pomme, l’acérola, l’olive, le curcuma, les acides
phénoliques, les diterpènes phénoliques, les flavonoïdes, les huiles volatiles, le limonène, et les combinaisons
de n’importe lesquels de ceux-ci ;
(ii) de l’eau ;
(iii) au moins un tensioactif, lequel au moins un tensioactif englobe la lécithine ;
(iv) des mono/diglycérides issus de triglycérides à chaîne moyenne ;
(v) de l’acide ascorbique ;
(vi) des tocophérols mixtes ; et
(vii) un solvant non polaire.

2. Microémulsion selon la revendication 1, dans laquelle l’au moins un tensioactif est la lécithine.

3. Microémulsion selon l’une quelconque des revendications 1 ou 2, comprenant en outre un co-tensioactif choisi dans
le groupe constitué par les polysorbates, les esters de sorbitan, les esters de polyglycéryle, les esters de saccharose,
les alkylpolyglucosides, les alkylpolyglycosides, les tensioactifs Poloxamer, les tensioactifs Pluronic, les acides gras
éthoxylés, les monoglycérides éthoxylés, le propylèneglycol, les esters de polyéthylèneglycol, le dodécylsulfate de
sodium (SDS), le laurylsulfate de sodium (SLS), le quillaja, les rhamnolipides, les sophorolipides, les esters de
saccharose, les esters de polyglycérol, les saponines, les dérivés de n’importe lesquels des précédents, et les
combinaisons de n’importe lesquels des précédents.

4. Microémulsion selon l’une quelconque des revendications 1 à 3, comprenant en outre un acide organique choisi
dans le groupe constitué par l’acide citrique, l’acide lactique, et les combinaisons de n’importe lesquels des précé-
dents.

5. Microémulsion selon l’une quelconque des revendications 1 à 4, dans laquelle le solvant non polaire est choisi dans
le groupe constitué par une huile végétale, les triglycérides à chaîne moyenne, et leurs combinaisons.

6. Microémulsion selon l’une quelconque des revendications 1 à 5, comprenant en outre un chélatant choisi dans le
groupe constitué par l’acide éthylènediaminetétraacétique, l’acide citrique, l’acide phytique, les phospholipides, les
flavonoïdes, et les combinaisons de n’importe lesquels des précédents.

7. Méthode de prévention ou de ralentissement de l’oxydation dans un produit alimentaire à usage humain ou animal
ou un ingrédient alimentaire à usage humain ou animal, la méthode comprenant l’incorporation de la microémulsion
de l’une quelconque des revendications 1 à 6 avec le produit alimentaire à usage humain ou animal ou l’ingrédient
alimentaire à usage humain ou animal, de préférence dans laquelle le produit alimentaire à usage humain ou animal
ou l’ingrédient alimentaire à usage humain ou animal comprend une huile ou une graisse.

8. Méthode selon la revendication 7, dans laquelle l’antioxydant est présent dans le produit alimentaire à usage humain
ou animal ou l’ingrédient alimentaire à usage humain ou animal à une concentration comprise entre environ 100
ppm et 4000 ppm.

9. Méthode selon l’une quelconque des revendications 7 à 8, comprenant en outre le mélange d’un chélatant avec le
produit alimentaire à usage humain ou animal, l’ingrédient alimentaire à usage humain ou animal, la microémulsion,
ou des combinaisons de n’importe lesquels des précédents.

10. Utilisation de la microémulsion de l’une quelconque des revendications 1 à 6 dans la prévention ou le ralentissement
de l’oxydation dans un produit alimentaire à usage humain ou animal ou un ingrédient alimentaire à usage humain
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ou animal.

11. Procédé de chargement d’une microémulsion avec un antioxydant, le procédé comprenant :

le mélange d’un antioxydant avec un acide organique et de l’eau, ce qui produit ainsi une phase aqueuse, dans
lequel ledit acide organique est l’acide ascorbique ;
le mélange d’un solvant non polaire avec au moins un tensioactif, ce qui produit ainsi une phase non polaire ; et
le mélange de la phase aqueuse avec la phase non polaire, ce qui produit ainsi la microémulsion ;
dans lequel
l’antioxydant est choisi dans le groupe constitué par l’extrait de thé vert, l’extrait de menthe, le romarin, la
pomme, l’acérola, l’olive, le curcuma, le limonène, les acides phénoliques, les diterpènes phénoliques, les
flavonoïdes, les huiles volatiles, et les combinaisons de n’importe lesquels de ceux-ci ;
ledit au moins un tensioactif englobe la lécithine et des mono/diglycérides issus de triglycérides à chaîne
moyenne ; et
la microémulsion comprend en outre des tocophérols mixtes.

12. Procédé selon la revendication 11, dans lequel le solvant non polaire est choisi dans le groupe constitué par une
huile végétale, les triglycérides à chaîne moyenne, et leurs combinaisons.
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